In nonvalvular atrial fibrillation (NVAF), rivaroxaban is used to prevent stroke and systemic embolism. Objective: To evaluate major bleeding (MB) in NVAF patients treated with rivaroxaban in a real-world clinical setting. Methods: From January 1, 2013, to March 31, 2014, US Department of Defense electronic health care records were queried to describe MB rates and demographics. Major bleeding was identified using a validated algorithm. Results: Of 27 467 patients receiving rivaroxaban, 496 MB events occurred in 478 patients, an incidence of 2.86 per 100 person-years (95% confidence interval: 2.61-3.13). The MB patients were older, mean (SD) age of 78.4 (7.7) vs 75.7 (9.7) years, compared with non-MB patients. Patients with MB had higher rates of hypertension (95.6% vs 75.8%), coronary artery disease (64.2% vs 36.7%), heart failure (48.5% vs 23.7%), and renal disease (38.7% vs 16.7%). Of MB patients, 63.2% were taking 20 mg, 32.2% 15 mg, and 4.6% 10 mg of rivaroxaban. Four percent of MB patients took warfarin within the prior 30 days. Major bleeding was most commonly gastrointestinal (88.5%) or intracranial (7.5%). Although 46.7% of MB patients received a transfusion, none had sufficient evidence of receiving any type of clotting factor. Fourteen died during their MB hospitalization, yielding a fatal bleeding incidence rate of 0.08 per 100 person-years (95% confidence interval: 0.05-0.14). Mean age at death was 82.4 years. Conclusions: In this large observational study, the MB rate was generally consistent with the registration trial results, and fatal bleeds were rare.
Introduction
Atrial fibrillation (AF), the most common clinically significant cardiac arrhythmia, with an estimated lifetime risk of 22% to 26%, 1 confers a 5-fold risk of stroke. 2, 3 Vitamin K antagonists (eg, warfarin) have been a standard prophylactic therapy in reducing the risk of stroke in patients with AF for several decades. Although warfarin is highly effective, there are a number of challenges associated with its use, including drug-drug interactions, drug-food interactions, and the requirement for frequent monitoring and dose titration to achieve and maintain an optimal therapeutic international normalized ratio of 2.0 to 3.0. Such challenges, coupled with the typically severe consequences of thrombotic events, have led to the research, discovery, and development of new oral anticoagulants for patients with AF and other thrombosis-related conditions. 4 -6 Rivaroxaban (Xarelto) is a novel direct factor Xa inhibitor oral anticoagulant approved by the US Food and Drug Administration (FDA) in 2011 for prophylaxis of deep vein thrombosis following hip or knee replacement surgery, and to reduce the risk of stroke and systemic embolism in patients who have nonvalvular atrial fibrillation (NVAF). As with all anticoagulants, a frequently reported adverse event with rivaroxaban in the registration trial was bleeding. Though the majority of bleeding events might be considered minor from a clinical perspective (eg, dermal ecchymoses and superficial hematomas), severe bleeding events have been observed. The reported rates of rivaroxaban-associated major bleeding (MB) were 0.3% in patients with total hip replacement/total knee replacement (THR/TKR) procedures in the pooled Regulation of Coagulation in Orthopedic Surgery to Prevent Deep Venous Thrombosis and Pulmonary Embolism (RECORD) trials 7 and 3.6 per 100 person-years in patients with NVAF in the Rivaroxaban Once-Daily Oral Direct Factor Xa Inhibition Compared With Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF) trial. 6, 8 The question remains regarding the bleeding risk in rivaroxaban patients with THR/TKR and NVAF treated in real-world clinical settings.
To gain further knowledge and insight regarding MB with rivaroxaban in the postapproval setting in the United States, a 5-year observational, post-marketing safety surveillance study was initiated, using fully integrated electronic medical records (EMRs). The study protocol, including the ascertainment method of MB events, was reviewed and approved by the FDA prior to its finalization. The objective of this ongoing observational study is to provide longitudinal safety data by actively obtaining information associated with MB among rivaroxaban users with NVAF or undergoing THR and/or TKR procedures in the postapproval setting, complementary to the clinical-trial data and that being collected by the spontaneous adverse event reporting process. This current report describes patients with NVAF who received rivaroxaban therapy; the results for the hip/knee replacement surgery (orthopedic) cohort will be reported separately.
Methods Patient Population and Data Source
This analysis used US Department of Defense (DoD) EMRs, which served as the sole data source for this study. The observational period for this report was January 1, 2013 , to March 31, 2014, and only patients with confirmed NVAF were included. The DoD Military Health System (MHS) exclusively covers military service members and their families and has one of the largest health systems in the United States, with nearly 10 million patients (51% males and 49% females). The MHS is not linked with the data streams from Veterans Affairs (VA); this study population does not contain data from the VA patient population.
The MHS population has relatively high representation from the elderly population. Patients age >65 years make up 21% of the MHS population, as compared with 13% of the total US population. 9 The MHS databases consist of longitudinal EMRs that are continually updated and contain administrative, pharmacy, laboratory, and clinical data. Inpatient and outpatient data are integrated, which ensures robust capture of MB events along with associated pharmacy data. Because the DoD health care system is paperless, all patient-level medical information and clinical data are kept in one electronic format. Incoming records are checked against a set of minimum standards for quality to ensure the integrity of the data. Incoming records are verified to be constructed in a standardized format respective to the data source, and all data elements are inspected for acceptable formats and to be void of improbable values. Duplicate records are identified in the background processing of each dataset, and any secondary record deemed an exact duplicate is removed.
The patients in this study were insured through the MHS; however, they are not required to use military medical facilities. Many patients use their MHS coverage to obtain care in civilian facilities. If a rivaroxaban user experienced a MB and was hospitalized anywhere, the claim and related clinical information were routed back to the DoD MHS databases and therefore were captured in this study.
Patients with NVAF were identified via relevant International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes and Common Procedure Terminology (CPT)/Healthcare Common Procedure Coding System (HCPCS) procedure codes that were listed in any available procedure field within any medical encounter record. This encompassed all MHS inpatient and outpatient care delivered within a military or civilian facility. All patients meeting the definition for NVAF were included in the study, regardless of incident or prevalent rivaroxaban usage, as long as the patient was identified as having NVAF prior to or concurrent with rivaroxaban usage. The NVAF definition was based on ≥1 medical encounters with an AF diagnosis plus the absence of valvular exclusion criteria.
are often dispensed to the patient early, the timeline was extended by the respective number of days to account for this phenomenon.
The drug-exposure period for patients was captured from the date of rivaroxaban therapy initiation until its discontinuation. Discontinuation was defined as meeting either of 2 criteria: a therapeutic switch identified via a subsequent dispensing of an alternative oral anticoagulant or a gap of ≥30 days from the end of a rivaroxaban dispensing period without a subsequent refill. The distinction between temporary and permanent discontinuation cannot be made using this database; therefore, subsequent resumption of rivaroxaban was allowed. Major bleeding events were included in this analysis if they occurred anytime during rivaroxaban exposure +7 days post-discontinuation.
Major bleeding events among rivaroxaban users were identified within the cohorts via prespecified periodic querying of the EMR data. A previously validated computer database definition developed by Cunningham et al, for identification of MB events that result in a hospitalization, was used for this study. 10 This algorithm employed a systematic approach to identify MB events using ICD-9-CM diagnosis and ICD-9-CM/CPT procedure codes. Per the algorithm, bleeding events determined to be traumarelated were excluded. Major bleeding within this analysis was defined by the Cunningham algorithm, which identifies bleeding-related hospitalizations from a primary discharge diagnosis. The use of bleeding diagnoses has shown a positive predictive value of 89% to 99% in Cunningham's validation study, 10 and this method has been used in other clinical studies to identify serious bleeding events. 11 The types of serious bleeding events considered included gastrointestinal (GI) bleeding, hemorrhagic strokes and other intracranial bleeds, genitourinary bleeding, and bleeding at other sites. 10 Additional data were collected on fatal outcomes, surgical interventions, and transfusions. Although the Cunningham algorithm is comprehensive and well-designed, the definition for MB is not an exact match with the clinical trial (ROCKET-AF), because the algorithm is applied retrospectively and relies on the information available in the EMRs. As a comparison, the clinical-trial definition of MB was defined as clinically overt bleeding associated with a fall in hemoglobin of ≥2 g/dL, or a transfusion of ≥2 units of packed red blood cells or whole blood, or MB in a critical site, or a fatal outcome.
Statistical Analysis
Descriptive statistics have been produced using SAS version 9.2 (SAS Institute, Inc., Cary, NC) to quantify characteristics of the study cohort including data on demographics and other patient characteristics, comorbid conditions, concomitant medications, rivaroxaban usage, hospitalization and treatment data, bleed characteristics, and outcomes. Both CHADS 2 12 (congestive heart failure; hypertension; age ≥75 years; diabetes mellitus; and prior stroke, transient ischemic attack, or thromboembolism) and CHA 2 DS 2 -VASc 13 (CHADS 2 + vascular disease, age 65-74 years, and sex category) scores were calculated to further characterize the study population. No a priori hypothesis testing was planned or performed.
Because the cohort denominator was also available, event rates with 95% confidence intervals (CIs) are reported. The incidence rate of MB was calculated using a person-time approach: the number of patients with a first episode of MB divided by the 100 person-years exposure time at risk. Secondary MB events in patients experiencing multiple bleeds were not included in the incidence-rate calculation.
This post-marketing safety surveillance study is funded by Janssen Scientific Affairs, LLC and Bayer HealthCare. Health ResearchTx conducted the study analyses. The research data are derived from an approved Naval Medical Center, Portsmouth, VA, institutional review board protocol and the research was conducted in compliance with federal and state laws, including the Health Insurance Portability and Accountability Act of 1996 (HIPAA).
Results

Major Bleeding Incidence
Overall, 27 467 rivaroxaban users with NVAF were identified during the period of January 1, 2013, to March 31, 2014. Four hundred ninety-six MB events among 478 patients were identified, representing an incidence rate of 2.86 per 100 person-years (95% CI: 2.61-3.13) within the 15-month time period, based on a patient's first MB event. The incidence rate was 2.68 (95% CI: 2.37-3.04) and 2.99 (95% CI: 2.63-3.41) for males and females, respectively.
Patient Characteristics
Patients with MB were older, with a mean (SD) age of 78.4 (7.7) vs 75.7 (9.7) years, for those without MB (Table 1) . Because the database contained limited data on smoking, alcohol, race, and body mass index, these variables are not presented.
There was a general pattern that comorbidities were more prevalent in the MB cohort as compared with the non-MB group. The most commonly observed comorbidities included hypertension (95.6% vs 75.8%), coronary heart disease (64.2% vs 36.7%), heart failure (48.5% vs 23.7%), and renal disease (38.7% vs 16.7 %) in those with MB vs no MB, respectively.
The CHADS 2 and CHA 2 DS 2 -VASc scores were calculated to assess stroke risk among the study cohort patients. The mean (SD) CHADS 2 score among the MB patients was 3.0 (1.2), compared with 2.2 (1.3) in the non-MB cohort, whereas the mean (SD) CHA 2 DS 2 -VASc score among the MB patients was 4.8 (1.5), compared with 3.7 (1.7) in the non-MB cohort.
Overall, 29.1% (139 of 478) of MB patients and 36.6% (9878 of 26 989) of non-MB patients had a prescription for a concomitant medication of interest. Statins, proton pump inhibitors, and amiodarone were the most frequent concomitant medications within the MB group. b Individual variables of interest identified within the 6-month period prior to MB for cases and within the 6-month period prior to the end of each study quarter for non-MB patients.
c The time period queried for concomitant medications of interest (within MB cases) was 14 days prior to MB hospitalization. For non-MB patients, if taken within 14 days prior to the study period through the end of the recent quarter.
Hospitalization Data
Among the 464 MB patient hospitalizations that did not include a fatal outcome, the average (SD) length of stay was 3.8 (3.0) days. Almost half of the MB patients, 46.7% (223 of 478), received a blood transfusion; however, data were not available for the number of units transfused, and none of the MB events had explicit evidence of administration of receiving any type of blood clotting factor. A transfer to the intensive care unit was observed for 43.3% (207 of 478) of MB patients, and 25.1% (120 of 478) had a surgical intervention during their MB hospitalization. Among the MB patients, 74.9% (358 of 478) were discharged, 15.3% (73 of 478) were transferred to another facility, 5.6% (27 of 478) were transferred to a skilled nursing facility, 2.9% (14 of 478) died, 0.8% (4 of 478) went to a hospice, and 0.4% (2 of 478) left against medical advice (Table 2) .
Fatal Outcomes
As shown in Table 3 Abbreviations: AMA, against medical advice; CI, confidence interval; GI, gastrointestinal; ICH, intracranial hemorrhage; ICU, intensive care unit; MB, major bleeding; SD, standard deviation; SNF, skilled nursing facility. a All MB cases were hospitalized due to the requirement within the algorithm used for the study. b The MB incidence rate was calculated using person-time for the denominator value (exposure time at risk) for all first MBs within the period under study.
c Patients with MB who experienced fatal outcomes (n = 14) were excluded from length-of-stay analyses.
experienced multiple bleeding events. Seven of these 14 patients had an intracranial hemorrhage with intracerebral bleeding as their primary hospital admission diagnosis, 1 had a subdural hemorrhage, 1 had an intracranial hemorrhage not otherwise specified, 2 had blood in the stool, and 3 had a GI hemorrhage not otherwise specified. Mean (SD) age at time of death was 82.4 (5.4) years. Mean (SD) time from bleed event hospitalization to death was 3.9 (6.3) days. 
Discussion
We report that in this observational post-marketing study of 27 467 rivaroxaban users with NVAF who were followed for 455 days in this real-world clinical setting, the rate of MB was 2.86 per 100 person-years (95% CI: 2.61-3.13). Further, and not unexpectedly, patients who experienced MB were older and more likely to have comorbidity at baseline. The most common bleeding site was GI (88.5%, n = 423), followed by intracranial (7.5%, n = 36). Of the 478 patients who suffered a MB, 14 died, yielding a fatal bleeding rate of 0.08 per 100 person-years (95% CI: 0.05-0.14). Seven of the patients who died had suffered an intracerebral hemorrhage. These outcomes are similar to those reported in the registration trial (eg, ROCKET-AF), and add valuable complementary safety data associated with rivaroxaban use in the postmarketing place. Our results are not intended for any direct comparison with clinical trials of rivaroxaban for a number of reasons that include differences in design, patient population, inclusion and exclusion criteria, data collection, and exposure and safety outcomes ascertainment. However, the data from clinical trials might be generally informative to put the results of the current report into proper context. For example, the reported rates of MB (per 100 personyears) were 3.6 for rivaroxaban and 3.5 for warfarin in patients with NVAF in the ROCKET-AF trial. In addition, the majority of MB in the ROCKET study was classified in the categories of hemoglobin/hematocrit drop or transfusion, which is consistent with the observation of bleeding in the GI system reported in the current study. Ad hoc analysis was performed on the original ROCKET-AF trial data to investigate the pattern of MB by age group presented in this report. In the ROCKET-AF trial, the MB incidence rates were 2.47, 3.03, 4.66, and 7.05 per 100 person-years for the age groups of 55 to 64, 65 to 74, 75 to 84, and ≥85 years in the rivaroxaban group, respectively, compared with 1.61, 2.00, 3.38, and 3.46 in this report. Clinical data for a number of baseline variables were presented to describe patient characteristics. However, a priori statistical testing was neither planned nor performed in this report. A nested case-control study was planned (and the development is ongoing) in the original study protocol to further evaluate those issues using an incidence density sampling method to control for exposure time. The main purpose of the proposed analyses for this future study is to examine whether the risk of MB during anticoagulation therapy is related to patient characteristics other than the indication for use of anticoagulation.
Study Limitations
This current study has limitations. This is a retrospective study, using data points that were originally collected for EMR and accounting/claims purposes, rather than research. Additionally, pharmacy records capture the drugdispensing information rather than the actual administration of the drug, and connecting the use of rivaroxaban to a bleeding event only establishes temporal association rather than a causal relationship. Whereas MB might be underreported due to limitations of the databases, there is also the possibility of capturing false positives (eg, minor or clinically relevant bleeds that required medical attention). The major bleed transfusion rate of 46.7% was similar to the clinical-trial data. 14 A patient suffering from sudden death due to intracerebral hemorrhage at home, with no subsequent autopsy, might not be correctly classified. Because immediately fatal intracerebral hemorrhage is not common, we do not believe this would substantially impact our findings. 14 The results regarding concomitant medications need to be interpreted with caution, since the index windows for the medications are different. Major bleeding in this study is not an exact match with clinical trials, because the algorithm was applied retrospectively and relied on information available in the database. Additionally, MB in this study did not go through an adjudication process.
Conclusions
Data from a large US DoD EMR-based cohort of 27 467 NVAF patients, treated with rivaroxaban and followed for
